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<Q Epoxy resins containing epoxidized potybutenes. 



@ Epoxy resins containing epoxidized polybutenes and a process for preparing them are disclosed. The cured 
epoxy resin containing epoxidized poiybutene demonstrates improved flexibility and ductility and improved 
chemical and water resistance with no loss In heat deflection temperature. 
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EPOXY RESINS CONTAINING EPOXIDIZEO POLYBUTENES 



Reld of The Invention 



This invention relates to epoxy resins containing epoxidized poiybutenes and to a method for their 
s preparation. More particularly the present invention relates to room temperature cured eooxv resins 
containing epoxidized poiybutenes. ' 

Room temperature cured epoxy resins are finding increasing use in epoxy resin coating and adhesive 
applications. Epoxy resins are generally brittle and lack chemical resistance to acids and bases and also 
water. Modification of the properties of epoxy resins to obtain increased flexibility, ductility, and chemical 
10 resistance has been sought by many investigators in the prior art without success. 

The field of this invention accordingly relates to room temperature-cured epoxy resins which incorporate 
epoxidized poiybutenes into the cured epoxy resin and to a method for their preparation. The cured epoxv 
rem containing epoxidized polybutene has increased flexibility, ductility, chemical and water resistance over 
an equivalent epoxy resin containing no epoxidized polybutene with no concomitant loss in heat deflection 
75 temperature. The field of the invention also relates to the method of preparation of these epoxy resins. Prior 
investigators had found that incorporation of poiybutenes into room temperature cured epoxy-resins was 
unsuccessful because, during the process of curing, the polybutene was typically incompatible with the 
epoxy resin and was squeezed out by the epoxy resin as it cured. 
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Background of The Invention 
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Epoxy resins have a spectrum of properties that are well adapted for use in coatings, adhesives fiber 
reinforced laminates, composites, engineering plastics, and specialty applications, such as potting resins 
and mortars. Among those properties are corrosion and solvent resistance, good adhesion and electrical 
properties, good dimensional stability, hardness, low shrinkage on cure and many other beneficial prop- 



Epoxy resins and processes for their production by the reaction of dihydric phenols and epichlorohydrin 
30 in the presence of a condensing agent such as caustic soda are well known. Such resins vary in their 
physical state from liquids to semi-solids to solids and are generally cured to thermoset conditions in the 
presence of chemical hardening agents such as aroma amines. Resins produced by such curing have a 
high molecular weight which renders them particularly suitable for use as coatings, adhesives and 
laminates and for use as potting and encapsulating compositions. U.S. Patent 3.293.213 arid 3 370 038 
35 teach preparation of typical epoxide resins. ' 

One property of cured epoxide resins which is extremely desirable and useful is a high heat distortion 
or deflection temperature with its attendant good resistance to solvents and electricity. This orooertv is 
especially useful for heat resistant coatings and adhesives. f k » » 

Unfortunately, a major disadvantage of epoxy resins concerns an undesirable brittleness A oartial 
40 solution to such a problem has been the addition of reactive liquid polymers (RLP). These RLP's are 
generany elastomers, such as carboxyl-terminated butadiene-acrylonitrile copolymers, which precipitate out 
of solution dunng cure of the polyepoxide. The precipitation results in the formation of discrete elastomer 
particles or domains which toughen the resin. Although toughening the cured resin, such a technique results 
in a significantly lowered softening temperature. Particle size is a major factor which determines the 
« rnechanical properties. The selectivity and reactivity of the functional groups are critical in the formation of 
of= ' ""'"^ conditions seriously affect their size and structure. Another disadvantage is 
that the RLP is limited to low viscosity. Yet another disadvantage involves the relatively poor thermal and 
oxidative stability of polymers comprising polymerized monomers such as butadiene. 

Curable epoxy resin compositions containing acrylate rubbers are disclosed in European Patent 
!0 Application No. 78527. For example. «ie reference discloses polyepoxides containing rubbers prepared 
from butyl acrylate. Unfortunately, said rubbers are soluble in ttie polyepoxide continuous phase at 
temperatures above about 51 C. and in some inns at room temperature. Thus, undesirable softening of the 
cured resin can readily occur. In addition, it is difficult to control particle size of the dispersed phase 
polymenzate because dissolving and reprecipitation of said polymerizate is difficult to control Conh-ol of 
parameters such as parttole size of the polymerizate are critical in optimizing mechanical properties of the 
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Curable blends of epoxy resins and organopolysiloxanes are disclosed In U.S. Patent Nos. 3.843,577 
and 3 926 885 Such epoxy resin composites are disclosed as being dispersions of of organopolysiloxanes 
in an'ep(ixy resin continuous phase. Dispersing agents are employed in preparing such composites 

5 Although the composites are disclosed as having self-lubricating properties, the mechanical properties of 
such composites are not as great as would be desirable. 

H would be highly desirable to provide a process for significantly improving the toughness of epoxy 
resins without sacrificing the other properties which would extend the utility of said resins. It would be 
particularly desirable to provide a product having high heat distortion temperature properties in the cured 

to iorm. in addition, it would be desirable to provide a room-temperature-cured epoxy resin which has 
increased flexibility, ductility, and chemical and water resistance. 
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Summary of The Invention 



Epoxy resins containing epoxidized polybutenes and a method for their preparation are disclosed. 
Epoxidized polybutenes of molecular weight up to 2000 formulated with polyamino-amide curing agents are 
added in amounts of up to about 50 weight percent to the epoxy resin which is then cured at room 

20 temperature. , . . , . , ~ « 

The epoxidized polybutenes are characterized as being prepared by epoxidizing a polybutene. The 
polybutenes are prepared by polymerizing a butene such as isobutene with a Lewis acid catalyst. The 
resulting epoxide resin containing epoxidized polybutene demonstrates improved flexibility and ductility and 
improved chemical and water resistance with no loss in heat deflection temperature. 



Details of the Invention 
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Polybutene epoxides useful in the process of this invention are hydrocarbon polymers with epoxide 
functionality at one end. providing a means of chemically incorporating hydrophobic charactenstics 

The olefin structure of the polybutene used to make the epoxidized polybutene for the instant invented 
process for preparation of a room-temperature-cured epoxy resin containing an epoxidized polybutene 
preferably comprises about 10% vinylidene or terminal double bonds, about 70% trisubstituted double 
35 bonds and about 20% tetrasubstituted double bonds. . . u. -i 

These preferred polybutenes are made by the polymerization of isobutene using aluminum chlonde as 
the Lewis acid catalyst. However, other polybutenes made by polymerizing other butenes by olher Lewis 
acid catalysts are also suitable. Suitable polybutenes are those available from Amoco Chemical Company. 
Chicago Illinois. The polybutene is epoxidized by reaction with, for example, a peracid. The epoxidized 
40 polybutene is added to a polyamino-amide curing agent which cures epoxy resins at room temperatures 
Preferably the epoxidized polybutene has a molecular weight within the range of from about 200 to about 
2000. More preferably, the molecular weight of epoxidized polybutenes is from about 300 to about 1000. as 
determined by vapor phase osmometry. ^ , » u 

Polybutenes produced in the presence of acid such as an aluminum chlonde catalyst can be 
45 considered to be mono-olefins. i.e. an average of one double bond per molecule of polybutene. in which the 
olefin or double bound structure is primarily of the trisubstituted and tetrasubstituted types. When such 
polybutenes are epoxidized. the resulting epoxide group is also primarily of the trisubsWuted and 
tetrasubstituted types. Particularly preferred epoxidized polybutenes are Actipol (Trademark) activated 
polybutenes (Amoco Chemical Company. Chicago. Illinois. 60601). under the designation of Actipol 
50 rrrademark) E6, Actipol (Trademark) El 6. and Actipol (Trademark) E23. Average molecular weight of these 
epoxidized polybutenes, by vapor phase osmometry, are 365. 973 and 1 433. respectively. 

Optimum incorporation of the epoxidized polybutenes into the epoxy resin formulation is in the range of 
from about 0 5 wt.% to about 50 wt.% of the total weight of the epoxy resin. Preferably, the more optimum 
amount of incorporation of the epoxidized polybutene is in the range of from about 2 wt.% to about 22 wt^/. 
55 of the total weight of the epoxy resin. More preferably, the more optimum amount of incorporation of me 
epoxidized polybutene into the epoxy resin is in the range of from about 2 wt.% to about 15 wt.% of the 
total epoxy resin. Although amounts greater than about 15 wt.% are incorporated with ease in the method of 
this invention into the epoxy resin, the resulting epoxidized resin may tend to soflea 
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r^olecular weight epoxidized polybutenes inlo^Tw m leS effi^^^^^ °" ''^'"^ 

5 Of the epoxidized polvbutene can h« oh^in Ji k T ! epoxy resin. Incorporation 

curing 4ent X to S^^^^^^^ °^ ^P^'^'*^^^:' PolVbutene with the 

mole?ulaT weighrepoxwS polyb^r^s rtSe agent mixture to the epoxy resin. Higher 

desired resuHs^han'do lower ir^*::,^^^^^^^^^ -ring agent to o5t^n 

ro 3uch"i"vrrir^rr,7o.^^^^^^^^ 

Minnesota 55436. which are condensation P~dSrof po^lS^ w^ '^^"''^^P'"'^- 

St ?oraS aVtrroTrcoL^d~ ^ ™ 

.™re and is co.pa..e 1 1^^^^ ^^SZ^Z:^.::^ 

fo JSnrrraLTorrti^es^s iir't' rr^r^ ^^^'"^ ^^^^ ^^^^-^ 

those taught in U.S. Patenr475l'S8'S ^ura. ^ ^^^^ f^^^"^^ 
mixing. *»o-ao, can oe added to the formulation for better 

30 Epoxy compounds useful In this invention include a wide varietv of eoov» i,- u 

to as polyepoxides. Polyepoxides useful herein can ti mntZI • / ® ^^^^^^^ 

A), higher molecular weight ad^cSl rS^nl ot^.^ monomenc (e.g.. the diglycidyl ether of bisphenol 
acrylare. giycidyl methl^te a^'^yddTeth^ monoepoxides (e.g.. glycidyl 

epoxy compounds contain, upon the fverSiJ at te.i «i homopolymers or copolymers. Most desirably. 

25 epoxy group) per molecule. ^ ' "^"'^^ °' ^•^-^PO'^V Qroup (i.e.. vicinal 

Examples of useful polyepoxides include the polyolycidvl etherc; of hoti, r^, ^ ^ ■ , 
polyhydric phenols: polyglycidyl amines oolvolvridvi ImS^f . . !. ? Po'vhydric alcohols and 

Tlwse polyepoxides are usually made bv ™iuno^^«^^°.T' f* ■"'*""> 2.<»»- 
dlhalohydrtn one J ^TlZ^^^^^^^TjT" 1 

causllc alkali to combine win, Oie l^oc^^,^Tt.Z.^-^i^ " """""t «l 

p™«^ o, .o,e .an one Z^^^r.:'. r2:Z'Z,>^'"^.i: 

«sre°.raC. eris^^'dZrsr' r r^" 

added to polyepoxide tomulaions to rLncTL .^rSTvtaj^^rtv^n^? 'eactve diluents are commonly 
toranilaHon. As Is known In Ibe art. a mon^Zritec^1? lS?L°"' f^"^ to tbe 

and adlusmients ere mad. In Ibe amount o. oXiSit^^SZS^ to^'J^^'a^n'r"'"' 

ve,JLrdV=LkT-^:.iTS;."a^j-s z^:^^^^-^^^'^ - 

polybutene and curing agent can be addeS to tie eooL rJ^n ^7 procedure the mixture of epoxidized 
resin mixing procedures L typl^aSy uSd ^ ^ commercial procedure standard epoxy 

prior'T^. °' ""'"^ *° epoxy resins and are taught in the 
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incorporation of epoxidized polybutene. It has not been determined whether the epoxidized polybutene 
reacts with the epoxy resin but upon examination under an electron microscope, the presence of epoxidized 
polybutene droplets could not be discerned in epoxy resin containing epoxidized polybutene. 

in summary, the instant invention comprises a curable epoxy resin containing from about 0.5 wt.% to 

5 about 50 wt.% of epoxidized polybutene of a molecular weight of from about 200 to 2000 molecular weight. 
The curable epoxy resin is cured in the presence of a polyamine curing agent at a temperature within the 
range of from about 20* C to about 30* C at atmospheric pressure. The cured epoxy resin has increased 
flexibility and ductility produced by incorporating epoxidized polybutene into the epoxy resin. Preferably, 
the said curable epoxy resin contains from about 2 wt.% to about 22 wt.% of the said epoxidized 

10 polybutene. Preferably, the polyamine curing agent is a polyamino-amide curing agent and the epoxidized 
polybutene is prepared by epoxidizing a polybutene using about 10% vinylidene double bonds, 70% 
trisubstituted double bonds and about 20% tetrasubstituted double bonds. 

The instant invention also includes a process for preparing cured epoxy resins containing epoxidized 
polybutene which process comprises: a) mixing an epoxidized polybutene of molecular weight range of 

75 from about 200 to about 2000 molecular weight with a poiyamino-amide curing agent capable of curing an 
epoxy resin at room temperature from about 20 'C to about 30 'C and atmospheric pressure to form a 
mixture; b) adding said mixture to an epoxy resin wherein said epoxy resin is present in an amount such 
that said epoxidized polybutene is present in an amount of from about 0.5 wt.% to about 50 wt.% of said 
amount of said epoxy resin; c) curing said epoxy resin with said mixture of said curing agent and said 

20 epoxidized polybutene at said room temperature and said atmospheric pressure. Preferably the epoxidized 
polybutene comprises about 10% vinylidene double bonds, about 70% trisubstituted double bonds, and 
about 20% tetrasubstituted double bonds. The epoxidized polybutene is prepared from a polybutene 
prepared from hydrocarbons in the presence of a Lewis acid catalyst. Preferably the Lewis add catalyst is 
aluminium chloride. Preferably the epoxidized polybutene is present in an amount from about 2 wt.% to 

25 about 22 wt.% and said epoxidized polybutene is of a molecular weight range of from about 300 to 1000. 

The following examples are presented for the purpose of illustration only and are not intended to limit 
the scope of the invention. 

30 Example 1 



The following example illustrates the process of the invention upon a laboratory scale, Epoxidized 
polybutene, Actipol (Trademark) £6. Amoco Chemical Company, Chicago Illinois, molecular weight. 365; 
35 26.8 grams. (10 wt.% of the epoxy resin), was added to Versamid (Trademark) 140. 88.2 grams in a one- 
liter flask with hand mixing. The mixture was then mixed on a Rotovap for several minutes and added to an 
epoxy resin, 268 grams. Epon (Trademark) 828 Shell Chemical Company. Houston, Texas. The mixture was 
then spread out in molds to prepare plaques and to cure. The properties of the cured samples were then 
determined. 

40 Properties of the reactants were as follows: 





Actipol (TM) E6 




45 


Viscosity, ASTM D 445 at 38* C 

Acid Number, ASTM D 974 

Average Mol. Wt. vapor phase osmometer 


65 cSt 
0.2 
364 




Epon (TM) 828 




50 


Epoxide Equiv. Wt. 
Viscosity at 25* C (poise) 
Wt. (IbVgaL) 


185-192 
11.0-15.0 
9.7 




Versamid (TM) 140 




55 


Amine Value - mg KOH/gm Resin 
Theoretical. Amino Hydrogen Eq. Wt. 
Viscosity at 25* C (poise) 
WL (IbVgal.) 


370-400 
125 
80-120 
3.1 
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The example was repeated with percentages of epoxidired polybutene of from 0 to 22. The effect of the 

add.bon of epoxidized polybutene. Actipol (TM) upon the properties of the epoxy resin is given in Tables I 

n«v ' r^*® incorporation of epoxidized polybutene into epoxy resins, in amounts greater 

2 to\r,mTot of "^^.^^^ "^'^ T»^«°^««<=^"y. it is considered that there Is no 

J^nLl^H ePOjodized polybutene which can be incorporated into an epoxy resin, although it is 

eToxidr;e1p:;:Zr''= ^ *° -^^-'-^ °' ^'-'<V resm containing the 

TABLE I 



Effect of Actipol Contenton Physical Properties of Epoxy Resins 



% Actipol E6 



Tg C 


HDTC 


Tensile Str. 


Tensile 




(284 psi) 


(% elong) 


Modulus psi X 
103 


35. 50 


102 


5205 (1.35) 


458 


31.48 


106 


6022(1.77) 


470 


28 


105 


8168 (3.28) 


426 


33. 50 


104 


7952 (3.58) 


376 


32. 50 


101 


8012 (3.32) 


357 


26. 49 


110 


6578 (3.35) 


316 


39. 48 


108 


5927 (3.24) 


292 


35.55 


109 


5322 (2,98) 


281 


35. 49 


113 


8102 (4.48) 


348 


33. 50 


109 


7353 (3.20) 


386 


35. 51 


119 


7604 (3.04) 


358 



0 
2 
4 
6 

10 

14 

18 

22 

10% 

10% 

10% 



+ B20H2 
El 63 

E16* + BzOH 



Notes: 



1. br indicates the nDajority of sample bars tested broke. (Table II) 



2. BzOH - benzyl alcohol added as dispersant 

3. Actipol (TM) El 6 - nnol. wt. 973 

4. Actipol (TM) El 6 plus benzyl alcohol 
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TABLE II 



Effect of Actipol Content on Physical Properties of Epoxy 
Resins 



% Actipol E6 


Izod 
notched 
ft-!b/in 


Flex Str (max 
strain) psi x 10^ 


Flax Modulus^ 
psi X 10^ 


0 


0.31 


1 1 ,4 (4.54) 


378 


2 


0.39 


12.3 (4.58) 


385 


4 


0.40 


11.8 (4.70) 


357 


6 


0.42 


12.0 (4.77) 


384 


10 


0,43 


10.2 (4.82) 


310 


14 


0.40 


9.8 (4.84) 


298 


18 


0.40 


9.2 (4.54) 


276 br 


22 


0.35 


8.5 (4.55) 


264 br 


10% + BzOH 


0.56 


10.9 (4.87) 


350 


10% El 6 


0.39 


10.9 (4.16) 


327 br 


10% + BzOH 


0.39 


10.7 (3.99) 


350 br 


(see footnotes from Table 1) 



The above data indicate physical properties of the epoxy resin were improved by addition of epoxidized 
polybutene in amounts of from 2 to 22 wt% of the epoxy resin. For example, an increase in both tensile 
strength and % elongation as well as an increase in impact strength were obtained. 
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Example II 

The samples prepared in Example I were tested for chemical resistance In 10% hydrochloric acid. 10% 
sodium hydroxide. 10% sulfuric acid. 10% acetic acid and in methanol. Results are in Tables III and IV 
which show the Improvement provided by incorporaUng the epoxidized polybutene. i.e. reduced weight 
gain. 

TABLE III 



40 



45 



SO 



Chemical Resistance of Actipol Modified Epoxy Resins^ 



% Weight Gain After 30 Days in Various Media 





Control 


2% E6 


4% E6 


10% £6 


10% HCI 


1.95 


1.14 


1,13 


1.23 


10% NaOH 


1.49 


1.12 


1.03 


1.25 


10% H2SO4 


3.19 


1.15 


1.12 


1.08 


10% Acetic Acid 


13.46 


7.99 


7.28 


7.02 


MeOH 


26.71 


21.80 


22.83 


23.54 



1. All materials made using Epon (TM) 828 and Versamid (TM) 140 and 
cured at room temperature. 
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TO 



75 



Chemical Resistance of Actipol Modified Epoxy 
Resins^ 



% Weight Gain after 30 Days in Various Media 





10% 
El 6 


10% E6 + 
B2OH 


10% E16 + 
B2OH 


10% HCI 
10% NaOH 
10% H2SO4 
10% Acetic Acid 
MeOH 


1.19 
0.98 
1.17 
8.36 
24.45 


1.08 
1.03 
1.04 
4.00 
16.64 


1.04 
0,81 
1.16 
3.92 
16.85 


(see footnotes on Table III) 
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10% Actipol (TM) £6. ^ to 135 C m the sample containing 



30 



Example IV 



35 



from oil soW ^y^aSSt «ST^"'''' «P«»<'i»<l oils made 

The eooxidlz«f «te «Je in^otS^of .o^r^Mhf^' »" '="''"9 agent 
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In the procedure of Example I. polybutene molecular wAinht ^-^n i a 

were sticky ^ """^ *° "'^^^^ P'^''"^^ ^"^ t° The exuded the polybutene and 

instJJ^nSn!"''"*'' ''"'^'"^^"^^ ^^'^'^ ^ ^^-'^'-^ - --'table for the process of the 
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Claims 

3. The curable epoxy resir, of Claim 1 or Clam 2 .hereir, said curable epoxy resin conta.ns from about 2 
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wt% to about 22 wt% of said epoxidized polybutene. 

4. The curable epoxy resin of any preceding claim wherein said epoxy resin is curable in the presence of a 
polyamine at 20°C to about 30*^C at atmospheric pressure. 

5 The curable epoxy resin of any of Claims 1 to 3 wherein said epoxy resin is curable in the presence of 
5 polyamino-amide curing agent at a temperature within the range of from about 20°C to about 30^C at 
atmospheric pressure. 

6. The curable epoxy resin of any preceding claim wherein said epoxidized polybutene has a molecular 
weight within the range of from about 300 - 1000, 

7 A cured epoxy resin having increased flexibility and ductility produced by incorporation of epoxidized 
10 polybutene. said cured epoxy resin being obtainable by curing a curable epoxy resin according to any 
preceding claim. 

8. A process for preparing cured epoxy resins containing epoxidized polybutenes, which process com- 
prises: 

a) mixing an epoxidized polybutene of molecular weight range of from about 200 to about 2000 
15 molecular weight with a curing agent, capable of curing an epoxy resin at room temperature of from 

about 20°C to about 30**C and atmospheric pressure to form a mixture; 

b) adding said mixture to an epoxy resin wherein said epoxy resin is present in an amount such that said 
epoxidized polybutene is present in an amount of from about 0.5 wt% to about 50 wt% of said amount of 
said epoxy resin; 

20 c) curing said epoxy resin with said mixture of said curing agent and said epoxidized polybutene at said 
room temperature and said atmospheric pressure. 

9. The process of Claim 8 wherein said epoxidized polybutene is prepared from a polybutene wherein said 
polybutene comprises about 10% vinyldene double bonds, about 70% trisubstltuted double bonds and 
about 20% tetrasubstituted double bonds and said epoxidized polybutene is prepared from a polybutene 

25 prepared from hydrocarbons in the presence of a Lewis acid catalyst. 

10. The process of Claim 9 wherein said Lewis acid catalyst is aluminium chloride. 

11. The process of any of Claims 8 to 10 wherein said curing agent is a polyamino-amide curing agent. 

12. The process of any of Claims 8 to 11 wherein said epoxidized polybutene is present in an amount of 
from about 2 wt% to about 22 wt% of said amount of acid epoxy resin. 

3o 13. The process of any of Claims 8 to 12 wherein said epoxidized polybutene has a molecular weight of 
from about 300 to 1000. 

14. A cured epoxy resin prepared by a process according to any of Claims 8 to 13. 
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